Introduction
The EU (European Union) legislated the RoHS (restriction of the use of hazardous substances in electrical and electronics equipment) directive, which became effective since July, 2006. 1, 2 According to the directive, the concentration values of hazardous substances, such as Cd, Cr(VI), Hg, Pb, PBB (poly-brominated biphenyl) and PBDE (poly-brominated diphenyl ether), in electrical and electronics equipment produced in the EU and transported from other areas should be restricted. Plastic materials are well known to be widespread used in electrical and electronics equipment regulated in the RoHS directive; therefore, standard analytical procedures and certified reference materials (CRMs) of hazardous substances in plastics are of great interest and demanded.
In order to achieve speedy analysis of hazardous substances in electrical and electronics equipment, X-ray fluorescence (XRF) analysis is expected to be utilized as a screening method, which is also described in the IEC 62321 as a standard analytical procedure with respect to the RoHS directive. 3 However, a loss of Hg in plastic CRMs during XRF measurements was of concern because of its volatility. 4 The purpose of this study was to evaluate the stability of Hg in acrylonitrile-butadiene-styrene disk certified reference materials (ABS disk CRM, NMIJ CRM 8116-a). The XRF intensities of Hg (Lα) and Pb (Lα) as well as the XRF intensity ratios on Hg (Lα)/Pb (Lα) were observed by wavelength dispersive XRF (WD-XRF) analysis under different X-ray tube current conditions as well as their irradiation time. Moreover, energy dispersive XRF (ED-XRF) analysis was performed to measure Hg and Pb in ABS disk CRMs obtained after WD-XRF measurements. The stability of Hg was discussed and evaluated from the obtained results.
Experimental

Instrumentation and sample
The WD-XRF spectrometer used in this study was a ZSX 100e (Rigaku Co., Japan). The operating conditions of the WD-XRF spectrometer are listed in Table 1 . The XRF spectra for both Hg (Lα) and Pb (Lα) were obtained for about 1 h measurement under different X-ray tube current conditions, such as 10, 20, 40, 60 and 80 mA. The measurements were repeated more than 8 times for each tube current condition (see later in Figs. 1 and 2 ) to evaluate the stability of Hg under the X-ray irradiation for a long time. The ED-XRF spectrometer (Rayny EDX-720, Shimadzu Co., Japan) was also used to check for any loss of Hg in the ABS disk CRMs obtained after the WD-XRF measurements; its operating condition was same as shown in Ref. 5 .
The ABS disk CRM used in this study was an NMIJ CRM 8116-a, the details of which are given elsewhere. [5] [6] [7] The diameter and the thickness of these disks were 30 mm and 2 mm. The chemical form of Hg in the ABS disk CRMs was mercury sulfide (HgS). The stability of Hg in an acrylonitrile-butadiene-styrene disk certified reference material (ABS disk CRM, NMIJ CRM 8116-a) during measurements by wavelength dispersion X-ray fluorescence (WD-XRF) analysis was evaluated in this study. The XRF intensities of Hg (Lα) and Pb (Lα) as well as the XRF intensity ratios of Hg (Lα)/Pb (Lα) observed under different X-ray tube current conditions as well as their irradiation time were examined to evaluate the stability of Hg in the ABS disk CRM. The observed XRF intensities and the XRF intensity ratios for up to 32 h of measurements under 80 mA of X-ray tube current condition were constant, even though the surface of the ABS disk CRM was charred by the X-ray irradiation with high current for a long time. Moreover, the measurements on Hg and Pb in the charred disks by an energy dispersive XRF (ED-XRF) spectrometer showed constant XRF intensity ratios of Hg (Lα)/Pb (Lα). From these results, Hg in the ABS disk CRM was evaluated to be sufficiently stable for XRF analysis. Table 1 ). Photos 1(a) -(f) show the obtained ABS disk CRMs before and after WD-XRF measurements for about 8 h. It could be seen that a deeper charred surface was observed with increasing X-ray tube current, as shown in Photos 1(b) -(e), which were due to radiation damage by X-ray irradiation as well as consequent heat. The observed temperature on the surface of the ABS disk CRMs was about 90 C after 1 h of measurement by the WD-XRF spectrometer. Even though the surface condition of the ABS disk CRMs changed, the obtained XRF intensities for both Hg (Lα) and Pb (Lα) as well as the XRF intensity ratios on Hg (Lα)/Pb (Lα) during about 8 h of WD-XRF measurements showed constant values, as shown in Fig. 1 . It could be considered that Pb in the ABS disk CRMs was sufficiently stable, if it was exposed to long-time X-ray irradiation with a high X-ray tube current, because Pb was recovered quantitatively during the dry-ashing sample pretreatment procedure at 350 C for 6 h, as described in Ref. 7 . From this point of view, the XRF intensity ratios on Hg (Lα)/Pb (Lα) could be an indicator to evaluate the Hg stability in the ABS disk CRMs. Therefore, it could be considered that Hg in the ABS disk CRMs seemed to be stable during the 8 h WD-XRF measurement at 80 mA of the X-ray tube current. Figure 2 shows the XRF intensities of Hg (Lα) and Pb (Lα) as well as the XRF intensity ratios of Hg (Lα)/Pb (Lα) obtained by the WD-XRF measurement for up to 32 h at 80 mA of the X-ray tube current condition. The constant XRF intensities as well as the XRF intensity ratios were obtained, even though there was an interval after each 8 h measurement. We also measured Hg and Pb in the ABS disk CRMs obtained after the WD-XRF analysis by the ED-XRF spectrometer as shown in Fig. 3 . Because there were no trends with respect to the XRF intensities for both Hg (Lα) and Pb (Lα), it was considered that the obtained XRF intensities were influenced by the surface conditions of the ABS disk CRMs, even though some of the disk CRMs showed 2 -4% smaller XRF intensities with respect to the ABS disk CRM without the WD-XRF measurement. As shown in Fig. 3(c) , the XRF intensity ratios of Hg (Lα)/Pb (Lα) obtained for the ABS disk CRMs after WD-XRF analysis showed similar ones to that in the ABS disk CRM without the WD-XRF measurement. From these results, it could be considered that Hg in the ABS disk CRMs was sufficiently stable for XRF analysis with high X-ray irradiation for a long time. The chemical form of Hg was mercury cyclohexylbutylate, which showed a loss of it during WD-XRF analysis within 2 h. 4 On the other hand, the chemical form of Hg in the ABS disk CRM was mercury sulfide (HgS). 5, 8 The organometallic compound of Hg is considered to be more affected by the heat from X-ray irradiation with a high current for a long time, rather than HgS.
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Results and Discussion
Conclusions
The stability of Hg in the ABS disk CRM was evaluated during long-time WD-XRF analysis. The observed XRF intensities and the XRF intensity ratios for up to 32 h measurement under 80 mA of X-ray tube current condition were constant, even though the surface of the ABS disk CRM was charred by X-ray irradiation with a high current for a long time. The Hg and Pb in the charred disks were also measured by an energy dispersive XRF (ED-XRF) spectrometer; consequently, constant Hg (Lα)/Pb (Lα) intensity ratios were observed. From these results, it was concluded that the Hg (HgS) in the ABS disk CRM was sufficiently stable for XRF analysis with a high current for a long time. The ABS disk CRM can be considered to be used for XRF analysis with respect to the RoHS directive without considering the loss of Hg for XRF analysis. 
